Synchronized neutrino communications over intergalactic distances by Santos, A. D. et al.
ar
X
iv
:2
00
7.
05
73
6v
1 
 [a
str
o-
ph
.H
E]
  1
1 J
ul 
20
20
Synchronized neutrino communications over intergalactic distances
A. D. Santos1, E. Fischbach∗1,2, and J. T. Gruenwald2
1Department of Physics & Astronomy, Purdue University, West Lafayette, IN 47906, USA
2Snare, Inc., West Lafayette, IN 47906, USA
(Dated: 7 July 2020)
Abstract
We discuss how high energy neutrino communications could be synchronized to large-scale astrophysical
events either in addition to or instead of electromagnetic signals.
Understanding signal carriers is crucial to developing
technology relevant to both sending and receiving messages.
Project Cyclops [1] defined four properties that all signal car-
riers should have in the context of extraterrestrial intelligence
(ETI) communications: (i) a low energy per carrier; (ii) a high
speed; (iii) easy generation, launching, focusing, and captur-
ing; and (iv) minimal absorption/deflection by the interstellar
medium (ISM). Since electromagnetic (EM) signals satisfy
many of these properties, they have been widely explored
(e.g., Ref. [2]). For long-baseline communications, EM sig-
nals in the radio wave regime of 1-10 GHz are preferable [3].
While EM signals in this frequency range seem ideal for
photon communications, the high speed of neutrinos, and
their weak interference with the ISM, make them potentially
suitable for long-range communications (see summary of rel-
evant literature in Ref. [4]). However, there are still other
limitations. Neutrino signals should not resemble, for exam-
ple, solar neutrinos, supernova neutrinos, atmospheric neutri-
nos, or artificial neutrinos from reactor sources. This excludes
most neutrino energies below the GeV level, and hence sug-
gests that energies should approach 1 TeV and higher.
In the search for ETI, signals transmitted over astrophys-
ical distances should coincide with events at the Schelling
point in game theory [5]. This allows the sender (here, the
ETI) and the receiver (the Earth) to establish communica-
tions without prior knowledge of each other’s presence. One
example of the Schelling point in action is illustrated in the
following scenario: Two people living in Chicago are told to
meet each other in the city the following day without knowing
when or where. While there are seemingly infinite times and
places for the two to meet, both citizens are most likely moti-
vated to meet at Millennium Park at noon, since both citizens
could assume that anybody else in the city would view this as
an important place and time. This idea is readily applied to
ETI communications.
Several potential Schelling space-time points for ETI
have been proposed, and one group of candidates are binary
neutron star (BNS) inspirals. Since ETI might not desire to
communicate within their own galaxy for their civilization’s
security [6], BNS inspirals outside a sender’s galaxy would
be appropriate candidates. As discussed in Ref. [7], an extra-
galactic ETI civilization could transmit EM signals that are
synchronized to pass a BNS system as it initiates an inspiral.
As the inspiral signal travels toward a potential receiver, the
EM signal would coincide with the inspiral signal. In princi-
ple, the receiver could then disentangle the ETI signal from
that of the inspiral.
We wish, instead, to explore the idea of synchronizing
neutrino communications to BNS inspirals in place of (or
in addition to) EM signals. This is motivated by two ob-
servations of an unexpected signal [8] accompanying the
GW170817 neutron star inspiral [9]. The authors of Ref. [8]
analyzed the unexpected signal for particles of massmX and
energy ∼ 10 MeV. They inferred a bound on mX that in-
cluded an estimated neutrino mass in the eV or sub-eV range.
It was subsequently shown that a second independent exper-
iment detected the same signal [10]. There is no currently
understood process that would create such a precursor signal,
especially with neutrinos. In addition, there is no conven-
tional theoretical mechanism that would predict a perturbed
decay rate similar to what was reported in Refs. [8] and [10].
We do note, however, that there are several reports of de-
cay rate fluctuations correlated with changing neutrino fluxes
(see Ref. [11] for summary of relevant literature). While there
are questions surrounding whether these perturbations are,
in fact, correlated with changing neutrino fluxes, it has been
noted that these perturbations cannot be entirely explained by
external effects such as temperature [12].
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An understanding of radioactivity would be expected of
receivers [13]. This would be beneficial for the one-way
communication intended by ETI. The multitude of “table-
top” experiments (e.g., those similar to the apparatus in Ref.
[8]) would likely occur simultaneously for potential receivers.
The simplicity of radioactivity experiments, compared to the
radio telescopes needed for EM signal receiver technology, is
also advantageous. Hence, potential receivers would be ex-
pected to have the technology capable of detecting the ETI
signals without committing to their search. This contrasts
with what would likely be needed with EM signals, e.g., with
SETI on Earth. ETI signals in decay data could resemble the
unexpected signal reported by Refs. [8] and [10]. It is in-
teresting to note that the inspiral signal began approximately
2 hours before the GW170817 gravity wave detection. Al-
though the authors of Ref. [8] made no effort to interpret the
signal, it would be natural for ETI to consider sending a pre-
cursor signal, precisely because it would be unexpected and,
therefore, somewhat easier to detect.
However, the power required to transmit a signal of neu-
trinos that would overcome the local solar neutrino flux back-
ground at energies ∼ 1 MeV is large. It can be estimated
to be on the order of the solar luminosity even for distances
smaller than 1 pc. There is additionally the concern that low-
energy neutrinos released from a beam source would not be as
focused as high-energy neutrinos, leading to a further energy-
inefficient communication mechanism. Unless ETI had out-
posts nearby, such communication might be far less efficient
than EM communications. On the other hand, there could be
more ETI nearby than previously expected [14]. There is also
the possibility of new, yet-to-be-discovered neutrino interac-
tions that could be employed by an advanced ETI civilization.
The power Pγ required for the scheme in Ref. [7] was
Pγ = 0.9 TW
(
D
40Mpc
)2
, (1)
where D is the distance between the sender and the re-
ceiver. This motivates us to consider neutrino communica-
tion schemes requiring a significantly smaller incident flux
that would be readily predicted with more standard neutrino
interactions. Since the neutrino interaction cross-section in-
creases with energy—and the backgrounds at high energies
fall off quickly—we might explore energies such as at the
Glashow resonance at 6.3 PeV as in Ref. [15], which would
generally not require more than a Type I or Type II ETI civi-
lization on the Kardashev scale [16].
If ETI had attempted to communicate with high-energy
neutrino signals in coincidence with GW170817, we would
expect to see these neutrinos with current experiments that
are sensitive to these energies. In fact, there have been
searches for neutrinos following GW170817 [17, 18]. Super-
Kamiokande did not find any significant signal in the 3.5
MeV to ∼ 100 PeV range in a ±500-s window [17]. Ad-
ditionally, no neutrinos in the GeV to EeV range were found
for the ±500-s window coming from ANTARES, IceCube, or
the Pierre Auger Observatory [18].
Assuming ETI exist and would choose to communicate
with high-energy neutrino signals, there are two possible in-
terpretations of these results. The first is that the ETI did
not synchronize any communications with this specific event.
The second is that the signal fell outside of the ±500-s inter-
val explored in both Refs. [17] and [18]. It is worth noting
that ETI would be limited by uncertainties in their estima-
tion of the exact moment of the occurrence of a BNS inspiral.
As pointed out in Ref. [7], ETI could mismatch the signal by
much more than ±500 s, and by as much as hours, weeks, or
even months depending on their instrumental capabilities.
Regardless of whether there was an ETI signal associated
with GW170817, we note that the receiver technology nec-
essary for sensitive EM communications in the BNS inspiral
scheme might not yet be available on Earth. The complexity
of these large antennae may make neutrino detectors more at-
tractive targets for ETI. As previously mentioned, ETI might
not want to require a civilization to commit entirely to ETI
searches. Furthermore, ETI would consider the short life-
times for advanced civilizations [19], which would otherwise
allow for more complex SETI technology to be developed.
In summary, although radio wave transmissions are en-
ergy efficient in comparison to neutrino communications over
large distances, neutrino communications are less likely to
be perturbed en route. They would require receiver technol-
ogy currently available to civilizations engaging in neutrino
physics and astronomy, compared to the traditional large-
scale commitment to ETI searches. Finally, synchronized
neutrino signals with large-scale events might be a desirable
target for future SETI projects.
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